Five sinapic acid esters were isolated from cotyledons of Raphanus sativus and have been iden tified with the aid of electron impact (El)-, field desorption (FD)-mass spectrometry and NMR spectroscopy: 6,3'-disinapoylsucrose, sinapoylcholine (sinapine), 6 -sinapoylglucoraphenine, 1 -si napoylglucose, and sinapoylmalate. Three of these derivatives are metabolically related in the se quence sinapoylcholine -»• 1 -sinapoylglucose -► sinapoylmalate.
Introduction
C otyledons o f Raphanus sativus exhibit a com plex pattern o f sin ap ic acid derivatives w hich undergo m ark ed q u a n tita tiv e changes [1] . Besides sinapoyl choline (sin ap in e), w hich is w idespread in Bras sicaceae seeds [2 ] , ano th er ester was found in grow ing cotyledons to be 1-sinapoylglucose [3] , A t present, in cotyledons o f Raphanus three new m ajo r sinapic acid esters have been found [1 ] and this rep o rt presents th e ir structural elucidation. In a d d itio n the know n sinapoylcholine and 1 -sinapoyl glucose w ere reinvestigated and th e ir structures veri fied.
D etailed studies on the q u an titativ e changes o f th e five sinapic acid esters in Raphanus and the enzym atic studies in ref. [ 4 -6 ] lead to the proposal th a t sinapoylcholine is interconverted to sinapoyl m alate via th e in term ed iate 1-sinapoylglucose. T he com pounds are designated w ith the sym bols B-l th ro u g h B-5, according to the first study on this subject [1 ] ,
Materials and Methods

Plant m aterial and culture conditions
Plant source and culture conditions for analytical w ork are d escribed in ref. [1] . Plants used for p re p a Reprint requests to Dr. D. Strack. 0341-0382/80/1100-0907 $01.00/0 rative isolation o f sinapoyl derivatives w ere grow n in a greenhouse.
Isolation o f sinapoyl derivatives
E xtraction and ch ro m ato g rap h y o f sinapoyl d eriv atives w ere carried o ut as described in ref. [1 ] . P u rificatio n o f these isolated co m pounds was achieved on S ep h ad ex L H -20 (P h arm acia, U p p sala, Sweden) (9 0 x 2 cm ) elu ted w ith C H 3O H . B -l, B-3, and B-4 w ere isolated from dry seeds. B-2 cam e form 3-day and B-5 from 8 -day old seedlings. E lution on p o ly am id e C C 6 ; w ater, B -1 and B-2; 60% C H 3O H in w ater, B-3; 0.035% N H 4O H in C H 3O H , B-4 and B-5.
Instrumentation
H igh
p erfo rm an ce liq u id ch ro m ato g rap h y (H P L C ) for studying th e kinetics o f sinapoyl d eriv a tives from Raphanus g erm in atio n is described in ref. [4, 7] . T he H P L C colum ns w ere L iC hrosorb R P -8 and L iC h ro so rb Si-60 (b o th 5 |im , 250 x 4 m m ) (M erck, D arm stad t).
Mass spectrom etry was carried o u t w ith a M A T 731 sp ectro m eter (V arian M A T, B rem en), eq u ip p ed w ith a F D /F I ion source and a total ion cu rren t con trolled em itter h eatin g device; sp ectra w ere recorded with a strip ch art recorder. A ccurate m asses w ere evaluated by p eak m atch in g at a m in im u m resolu-tion o f 10000 (10% valley d efinition). F o r *H N M R spectroscopy, a V arian EM 390 C W spectrom eter (90 M H z) and a B ruker W H -360 F T spectrom eter (360 M Hz) w ere used. 13C N M R spectroscopy was carried out w ith a B ruker W H -360 F T spectrom eter (90.52 M Hz).
Derivatization
Silylation was achieved w ith B S T F A /C H 3C N at 80 °C. T he sam ples w ere evap o rated to dryness and redissolved in CHC13 for m ass spectrom etry.
F o r acetylation, sam ples w ere dissolved in (C H 3C 0 ) 20 /p y r id in e (1 :3 ) and k ept a t room tem p erature for 36 h. P roducts w ere analyzed by T L C on silicagel SI F (R iedel de H aen, Seelze) w ith CHC13/C H 30 H in various ratios. F o r m ass spec trom etry, sam ples w ere dissolved in CHC13. F o r N M R spectroscopy, the acylated products were p u ri fied on silicagel colum ns eluted w ith C H C l3/C H 3O H (gravity or high pressure flow).
F o r m ethylation, sam ples w ere trea ted in C H 3O H w ith diazom ethane in ether, evap o rated to dryness and dissolved in CHC13. T he structure o f B-2 was confirm ed by *H N M R and the mass spectrum o f its TM S derivative (Fig. 2) . T he signal for the m olecular ion ap p ears a t m /e 746. T he fragm entation p attern is th e p attern o f a silylated glycoside, b u t it should be m entioned th a t th e m ethod described for positional analysis o f fatty acid glucose esters [8 ] leads to an incorrect assign m ent in this case. O bviously, th e ratio o f th e ions m /e 204 and m /e 217 is influenced by factors different from those in th e spectra o f silylated fatty acid esters. T he influence o f th e aro m atic m o iety on the stability o f fragm ent ions m ay be resp o n sib le for this behaviour. T he positional analysis and th e stereochem istry o f th e glycosidic bond in B-2 are therefore based on th e *H N M R spectrum . T he d o u b let for th e anom eric p roton appears dow nfield at 5.48 p p m (<5) (T able III), w hich is sim ilar to the value given for th e proton o f the /?-glycosidic b ound o f />-coum aric acid [9] .
Results and Discussion
These d ata support the iden tificatio n o f B -l and B-2 in ref. 5%) ). T he location o f one sinapic acid at each sugar u n it its ind icated by th e fragm ents observed in FD M S: the signal a t m /e 369 (6.3%) is derived from sinapoyihexose -H 20 and th e signal a t m /e 530 (7.7%) corresponds to sinapoyldisaccharide; a signal derived from disinapoylhexose is absent.
T he EIMS data are o f som e interest. T he elem ental com position o f the ion at m /e 574 is and could correspond to a p ro d u ct form ed by m ig ratio n o f one sinapic acid to th e pyranose ring, follow ed by elim in atio n o f th e furanose to give m /e 592 (base peak). S u b seq u en t loss o f H 20 leads to m /e 574. T h e reason for th is unexpected b eh a v io u r seem s to be th e 3'-acyl g ro u p in the furanose. T he fact th a t silylation or acetylation yields octasilyl or octaacetyl derivatives w ith m o lecu lar ions at m /e 1330 (TM S derivative) or m /e 1090 (acetate) confirm s the findings described above (Fig. 3  and 4) . [10] . N o fu rth e r dow nfield signal ( > 5.0) is observed and this leads to the conclusion th a t the second ester is attach ed to one o f th e p rim a ry hydroxyl functions. Since only one ester bon d p er sugar u nit is possible -as discussed above -the Results obtained from hydrolytic and chrom ato g rap h ic pro ced u res su b stan tiate the structure re p orted for B-3. H ydrolysis w ith 1 n HC1 (100 °C for 30 m in) yields, in ad d itio n to free sinapic acid, two esters present in equal am ounts (1 :0.9). Fig. 5 shows an H PL C analysis o f the hydrolysis m ixture, to w hich au th en tic 1 -sinapoylglucose was added. Cleavage o f th e isolated esters w ith 1 n N aO H (room tem p eratu re for 30 m in) gives sinapic acid and glucose (p eak 2 ) o r sin ap ic acid and fructose (peak 3). A lkaline hydrolysis o f the intact B-3 p ro d uces sinapic acid and sucrose, co ntam inated w ith relatively high am ounts o f free glucose and fructose. T h e latter is tak en as ad d itio n a l evidence for a 3'-acylation, increasing the reactivity o f th e ar-glyco sidic bond tow ards alkaline treatm ent. T he h y d ro l ytic products w ere id en tified by direct ch ro m a to g rap h ic co m p ariso n w ith au th en tic com pounds as described in ref. [1, 9] . D etection o f sugars was achieved by spraying w ith am m oniacal silver nitrate an d heatin g at 100 °C. A fter hydrolysis w ith HC1, a sulfate anion was detectable w ith B aC l, solution. In Fig. 7 th e chem ical shifts o f the carbons in the 1?C N M R sp ectru m are given, to g eth er w ith the reference d ata for sin ap ic acid [1 2 ], thioglucose and th e carb o n o f th e th io ald o x im ic acid function [13] . T h e carbons in th e m u stard oil m oiety have been IV, Fig. 8 ) .
A sm all q u an tity o f isom eric products n o t sepa rated by o u r ch ro m ato g rap h ic procedures is detect able in th e N M R spectrum . T his is d u e to the presence o f e /z isom eric d o u b le bonds and isom eric sulfoxides [16] .
T he stru ctu re o f th e B-4 acetate is still under investigation. W e have n o t been able to isolate the In conclusion, the d ata described above reveal a stru ctu re in w hich the know n glucoraphenine [23, 24] is esterified w ith sinapic acid at C -6 o f the thioglucose. sinapoylglucoraphenine; -O -sinapoylcholine; sinapoyl glucose; -A -sinapoylmalate.
Time (days)
T he sinapic acid derived from sinapoylcholine d egradation is m ost likely reesterified to 1 -sinapoylglucose that reaches its highest concentration in 3-day-old cotyledons. T his pathw ay is also proposed to occur in o th er Brassicaceae seedlings [3, 25] . T he fate o f the sinapic acid from sinapoylglucoraphenine is probably to serve as a precursor for several derivatives present in low concentrations. D e g ra d a tion o f the acid can be excluded since the total am ount o f sinapic acid in grow ing cotyledons re m ains unchanged and in vivo in h ib itio n o f L-phenylalanine am m onia-lyase activity does not affect th e m etabolism o f sinapic acid esters [3] .
Sinapoylglucose seem s to be th e precursor o f a second reaction [ 1 ] , resulting in th e accum u latio n o f sinapoylm alate. In late stages o f Raphanus g erm in a tion (up to 14 days), sinapoylm alate is the m ajo r sinapic acid derivative and sinapoylglucose reaches a low level in concentration.
A t present we cannot establish w ith certainty th a t sinapoylm alate is the end-product. In the first study [1 ] , done w ith classical m ethods, sinapoylm alate (B-5) seem ed to be m etabolized.
In conclusion, we believe th a t in growing cotyle dons o f Raphanus sativus the follow ing interconver sion sequence proceeds: sinapoylcholine 1 -sinapoylglucose sinapoylm alate T he first reaction step is catalyzed by a specific sinapoylcholine esterase [4] and U D P G : sinapic acid glucosyltransferase [5] . In th e second reaction step, lead in g to sinapoylm alate, an enzym e w hich m ig h t b e classified as 1 -sinapoylglucose :L-m alate sinapoyltransferase was show n to be involved [6 ] .
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